Here,
we hypothesized that there is a cross-talk between 134 probiotics/probiotics-modulated microbiota and that the local gut immune system Both competition and replacement assays showed that ZY-312 expelled CS from 142 HT-29 cells (P < 0.001), with almost 95% efficiency (P < 0.01), demonstrating that 143 ZY-312 has a clear preventive effect on CS infection in in vitro cell models ( Fig. 1) .
144 145 ZY-312 modulated MUC2 expression in CS-infected cells 146 After evaluating the effects of ZY-312 pretreatment on the production of mucins 147 and MUC2 in HT-29 cells, PAS staining showed that CS infection led to a general 9 148 down-regulation of mucin production, and ZY-312 pretreatment in HT-29 cells 149 effectively inhibited the CS-induced decrease ( Fig. 2A) . MUC2 levels were also 150 directly assessed by immunostaining, which demonstrated that CS disrupted MUC2 (TEER) and the expression of tight junction proteins in Caco-2 monolayers 156 We further examined whether ZY-312 or CS influenced the gut barrier function, 157 and we found that infection with CS reduced the TEER of the Caco-2 monolayers in a showed that serum EGF levels were increased in the ZY-312 group, and there was no 201 decrease in serum EGF levels in the CS group. However, EGF levels in the group 202 pretreated with ZY-312 were higher than that in the group exposed to CS alone (Fig.
203
5B). These results indicated that ZY-312 might enhance the expression of EGF, 204 preventing the development of CS-induced NEC. 205 We also compared the production of IgA in the intestines of rats using 206 immunohistochemical staining ( Fig. 5B ). We found that IgA expression was higher in 207 the ZY-312 group than in the control group. Conversely, IgA levels in the CS-only 208 group were lower, and the group pretreated with ZY-312 had slightly increased IgA 209 levels. The apoptosis related proteins included caspase-3, caspase-6, and the Bcl-2 232 family. Bcl-2 and Bax expression can activate caspase-3 and p53 and further induce 233 apoptosis.
234
Western blotting analysis revealed that the effects of ZY-312 on the expression 235 of Bcl-2 and Bax were similar in the groups treated with ZY-312 alone or without 236 ZY-312. In Figure 7B , we found that caspase-3 and Bax protein levels in the 237 prevention group were lower than those in the CS group. On the contrary, Bcl-2 238 protein level was higher in the group pretreated with ZY-312 than in the CS group. Furthermore, we also found that ZY-312 increased IgA and EGF levels in the 333 intestines of rats. Taken together, these findings showed that ZY-312 effectively The nuclei were counter-stained using DAPI (in blue). 
